In March 2009, a new strain of influenza was detected in Mexico which caused severe respiratory illness in humans. The first case of 2009 H1N1 pandemic influenza was reported by CDC on April 21 2009 after which this virus spread to various parts of the world and affected people of all ages \[[@B1]\]. It reached India as well and spread to various parts of the country causing mild to severe respiratory illness. Till date, \>30 000 persons have been diagnosed with this infection in India, out of which 1443 had died \[[@B5]\]. Usually influenza virus does not cause severe respiratory illness but during this pandemic many developed fatal complications. Thus, we studied children admitted to our hospital who were diagnosed as H1N1 positive.

Methods
=======

Ours is a tertiary health center for children in western Rajasthan. Pandemic 2009 H1N1 influenza virus outbreak started in October 2009 in our region. In November 2009, first cases of H1N1 in children were seen at our centre following which there were frequent similar cases. A total of 1532 patients were clinically screened out, of whom 196 were admitted in hospital and investigated. Of admitted cases, 62 (32%) were found to be H1N1 positive and here we have studied the effect of H1N1 virus on these cases retrospectively. The study period involve cases from November 2009 to February 2010. Cases of 2009 H1N1 influenza were confirmed by testing throat swabs with the use of real time polymerase chain reaction. The study was conducted as a retrospective public health analysis of the identified data, so approval by the institutional review board at each participating institution and informed consent were not required.

Results
=======

A total of 62 pediatric patients with confirmed H1N1 influenza were studied. Of the 62 cases, 47 (76%) were male and 15 (24%) female. The mean age of the cases was 68.9 ± 49.5 months, ranging from 6 to 216 months. Most of the cases (82%) were between 1 and 10 years of age with very few cases outside this range. Of the pre-existing conditions, 9% had recurrent wheeze associated respiratory infections (WARI) or bronchial asthma. Out of 62 cases, 30 (48%) had anemia, but severe anemia was seen in only 7% children. None of the children had heart disease or immunosuppressive conditions. Out of 62, 30 (48%) were malnourished but only 5% were severely malnourished ([Table 1](#T1){ref-type="table"}).

###### 

Epidemiologic features and pre-existing conditions in children hospitalized with 2009 H1N1 influenza

  Variables                                                                  Males         Females       Total
  -------------------------------------------------------------------------- ------------- ------------- -------------
  Age of the patient (months)                                                                            
      Mean ± SD                                                              66.2 ± 50.4   77.6 ± 47.3   68.9 ± 49.5
      Range                                                                  6--180        30--216       6--216
  Sex of the patient, *n* (%)                                                47 (76)       15 (24)       62
  Pre-existing condition (if any)[^a^](#TF1){ref-type="table-fn"}, *n* (%)                               
      Asthma/recurrent WARI                                                  4 (9)         Nil           4 (7)
      Anemia                                                                 18 (38)       12 (80)       30 (48)
         Hemoglobin 9--11 g%                                                 11 (61)       8 (67)        19 (63)
         Hemoglobin 6--9 g%                                                  5 (28)        4 (33)        9 (30)
         Hemoglobin \<6 g%                                                   2 (11)        Nil           2 (7)
      Tuberculosis                                                           2             Nil           2
      Heart disease                                                          Nil           Nil           Nil
      Immunosuppression                                                      Nil           Nil           Nil
      Malnutrition, *n* (%)                                                  22 (47)       8 (53)        30 (48)
         Grade I, *n* (%)                                                    9 (19)        3 (20)        12 (19)
         Grade II, *n* (%)                                                   7 (15)        3 (20)        10 (16)
         Grade III, *n* (%)                                                  4 (9)         1 (6)         5 (8)
         Grade IV, *n* (%)                                                   2 (4)         1 (6)         3 (5)

^a^Some children had more than one pre-existing condition.

Most common signs and symptoms on admission included fever (in 98%) and cough (in 94%). Of all children, 32% had complaint of difficulty in respiration. Other symptoms observed were myalgia, headache and vomiting ([Table 2](#T2){ref-type="table"}). On examination, 66% cases had crepitations and 42% had wheezing. Hypoxemia was observed in 31% cases at admission ([Table 2](#T2){ref-type="table"}).

###### 

Clinical signs and symptoms and respiratory complications in children hospitalized with 2009 H1N1 influenza

  Variables                      \<1 year      1--5 years   \>5 years   Total
  ------------------------------ ------------- ------------ ----------- ---------
  Fever                          4 (100)       30 (100)     27 (96)     61 (98)
  Cough                          4 (100)       29 (96)      25 (89)     58 (94)
  Difficulty in respiration      4 (100)       8 (27)       8 (29)      20 (32)
  Myalgia                        Cannot tell   1 (3)        8 (29)      9 (16)
  Headache                       Cannot tell   Nil          9 (32)      9 (16)
  Diarrhea                       Nil           1 (3)        Nil         1 (2)
  Vomiting                       1 (25)        3 (10)       5 (18)      9 (16)
  Respiratory Complications                                             
      Wheezing                   2 (50)        20 (67)      4 (14)      26 (42)
      Bronchopneumonia           4 (100)       20 (67)      17 (61)     41 (66)
      Empyema/pleural effusion   Nil           2 (7)        2 (7)       4 (6)
      Pneumothorax               Nil           Nil          1 (4)       1 (2)
      Hypoxemia^a^               3 (75)        7 (23)       9 (32)      19 (31)

^a^SpO2 \<93% on ambient air was considered hypoxemia.

On investigations, mean hemoglobin of admitted patients was 10.3 ± 2.1 gdl^−1^, ranging from 5.8 to 14.1 gdl^−1^. Mean leukocyte count was 9702 ± 5579.7 cmm^−1^. Total leukocyte count was \>15 000 cmm^−1^ in 8 (13%) cases while it was \<4000 cmm^−1^ in 6 (10%) ([Table 3](#T3){ref-type="table"}). On chest X-ray, consolidation was found in 25 (40%) patients; out of these cases, 12 patients (48%) had bilateral consolidation while 10 (40%) patients had right lung consolidation. Left lung consolidation was seen in three (12%) patients only. Of other complications, four (6%) cases had pleural effusion and one patient each developed pneumothorax and pulmonary edema ([Table 3](#T3){ref-type="table"}).

###### 

Lab results and X-ray findings of children hospitalized for H1N1 influenza

  Variables                      
  ------------------------------ ---------------
  Hemoglobin (g%)                
      Mean ± SD                  10.3 ± 2.1
      Range                      5.8--14.1
  Leukocyte count (cells/cmm)    
      Mean ± SD                  9702 ± 5579.7
      Range                      2190--26 100
  X-ray findings, *n* (%)        
      Perihilar infilteration    4 (6)
      Consolidation              25 (40)
         Right                   10 (40)
         Left                    3 (12)
         Bilateral               12 (48)
      Pleural Effusion/empyema   4 (6)
      Pneumothorax               1 (2)
      Pulmonary edema            1 (2)

Infants constituted only 6% of the studied cases while majority of patients were 1--5 years of age, closely followed by children from 5 to 10 years. Children \>10 years were also less affected making only 11% of the diagnosed cases. However, severity of illness was more in infants as well as children from 1 to 10 years while in children \>10 years, it was not as severe as none of the child \>10 years required ICU admission. Maximum ICU admissions (38%) were among children in 5--10 year age group and similarly highest mortality (3 out of 21 i.e. 14%) was also among this age group. None of the children \<1 year or \>10 years of age expired ([Fig. 1](#F1){ref-type="fig"}).
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Discussion
==========

Our study indicates that children are prone to develop severe respiratory illness after infection with 2009 H1N1 influenza. Although we do not have the exact data to compare case with seasonal influenza getting admitted at our center, definitely admission rates of children with 2009 H1N1 influenza was higher than those with seasonal influenza every year. As is consistent with our current study, a study in Argentina among 2009 H1N1positive pediatric population, admission rates were high as compared to their previous years admission \[[@B3]\].

Fever is the commonest symptom followed by cough as seen in our as well as other studies all over the world \[[@B3], [@B6], [@B7]\]. A few cases may develop symptoms like myalgia, headache, diarrhea and vomiting but these are not so common. The system mainly affected is respiratory system leading to respiratory complications. The most common respiratory complication in our study was bronchopneumonia as seen in 66% cases and lung consolidation was observed in 40% cases. Surprisingly, right lung was observed to be more commonly affected in comparison to left lung. The same finding was reported in a study in Argentina where 55% children had right lung involved, whereas only 16% had involvement of left lung only. Similarly in our study, isolated involvement of right lung was seen in 40% cases, whereas isolated left lung involvement was seen in 12% cases only. This may have something related to right bronchus being wider and straighter in comparison to left main bronchus, and aspiration of secretions rather than hematogenous spread may well be a mechanism of development of consolidation in these cases.

It has been said that children with asthma, immunosupression and neurological disorders are more at risk to infection with 2009 H1N1 influenza \[[@B8]\], but in our study only 9% diagnosed cases had either established bronchial asthma or recurrent attacks of WARI. None of the child had any immunosuppressive state and only 5% diagnosed cases were severely malnourished.

Children at younger age are thought to be more susceptible to infection, but surprisingly infants constituted only 6% of diagnosed cases. The same has been the data from various parts of India where of total diagnosed cases, only 10% were children \<5 years of age and maximum cases were between 5 and 40 years of age \[[@B5]\]. We observed that maximum ICU admissions were among 5--10 year age group and as expected mortality was highest among them. The same has been reported from the United States, where maximum pediatric mortality due to 2009 H1N1 infection was among 5--11 years of age and children \<2 years contributed \<20% pediatric deaths \[[@B9]\]. This also supports that 2009 H1N1 influenza infection is not as severe in younger children as it was expected and further studies are required to look into the issue.

In conclusion, 2009 H1N1 infection can lead to fatal complications in children and may even cause death. General measures should be stressed upon, such as educating people about hygiene and cleanliness, distancing, adequate room ventilation and use of masks for those in close contact with patients with respiratory illness \[[@B10]\]. Besides, vaccine has been developed against 2009 H1N1 influenza and preliminary data have shown good efficacy in children with the use of one dose of 15 µg in children between 9 and 17 years and single dose of 7.5 µg among children between 3 and 8 years of age \[[@B11]\]. World Health Organization is coordinating the distribution of donated pandemic influenza vaccine to eligible countries to help countries protect people from developing severe disease from pandemic influenza H1N1 infection \[[@B12]\]. All these collective efforts will hopefully prevent any further outbreak and at least, such high-mortality rates will not be seen.
